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'Awnuoi 

Evaluation of the physical characteristic* of modifications of terratex 
r:id other asbestos based materials has continued. 

Several new naterlala hare bean received and evaluated as to physical 
characteristics and performance la tubas. 

v 

New nrccesalng techniques for terratex ervdiscussed and evaluated. 

Results on tubas using many of too nronising materials are presented 
and discussed with nertieular ewohasl* on aaae of degassing and le*sl of 
cathode emission. 

Technical man hours during tills Intervals 

KH Brodorlok) 
RJ Ooewell   ) 155 
Paul Dolgau ) <*•& 

AP Haass 27 
JC Hickls 203 
IUL Charnln xa 

The total expenditures on this contract through April 30, 1952 have 
boon $18,955.84. 
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object of the waste ©asried m aadej? this &swSa*«i is to fte! 
or develop a doaeptlo Mttrlal, or Mft«ri«l» t© he twed a» wtwa trip* 
eoaeert to repleoe or wgt^leaeat tht «r«NetIy ated ale** 

The prinery aia of the wote will bo to find a auitehle aaterlal 
that win eosnpet* with Ktssft la eept pad eaae of fafarleaticn. 

The aajer problee* in cooaeetiOB with the fnlfil—nt of thie 
contract are» 

1. Wad a aaterial of aaitahle etrenfth end flexibility 
to allow standard eeecebly teohniqties to bo ueed. 

i - 

2. A eaterta! of aueh e^tare that it aay be fabricated 
to the etejadard toleraabeo apod for aim at low cost 
and la lam auentltiea. 

3. Physical sad choaioal nropertlee auch that it way be 
defaaeed ea ally and aot oarrjr or contain elaaaate or 
ooaftoaQda dotrlacatal to any of the other perte, parti- 
cularly tho nrliTo-nratxt cathodes. 

4. A notarial or aatariala which will gi*e equirelent 
electrical ©haracterietloa withoat eaior design change* 
ia t3so etruotura of tho tahot •• g«» (salpoloa, trene- 
oon&act&tKW* leakage, capacitance, ahoek reeiatanoe, 
wibration, aiorefsfetomea aad noise)• 



Our work during the third interval has oontlnood to bo devoted to 
evaluating the obyalonl and chemical qrcporti— of asbestos based and mioa- 
baaed sheet materials. ' 

t I 
Variations in the asbestos-based material have bean along too aoparate 

lines. First, the olay content of tho asbestos sheet has been varied and 
the strength and other properties measured. Second, further attempts have 
been made to vary the processing of the regular terrstex material in order 
to decrease the gas and moisture content. Xt is felt that an/ improvement 
of this type in the regular terratex could also be applied to tho other    \ 
asbestos-based materials. Tho investigation of tho effect of different olay 
contents in the asbestos sheet was carried out on too different lots of 
material prepared as hand sheets by the T.A.P. laboratory in Plttsfield, 
Maes, There was some indication that too physicalproperties varied some- 
what with the percentage ©lay, and this is discussed in greater detail later 
in the report. Our investigations continued to oxnlere tho effects of 
various firing treatments followed by impregnating with various materials. 
These tests wore performed on the sheet material or punched spacers and are 
discussed later in the report. 

Tho evaluation of idea-based sheet materials was directed toward find- 
ing new types of material made available either rwaasffilslly or experimental- 
ly and testing their physical properties and ©erformahce in vacuum tubes,, 
These materials and the test results are discussed in the Detailed Section 
of this report. 'i-.--!.-" 

Contacts were made> atta Teprssontatlvee of Johns'manyille, the supplier 
of the regular terratex raw material, in an effort to enlist their aid in 
obtaining machine-made samples with various olay contents. Those contacts 
proved discouraging when they indicated that they would not Tflr'tflfrr tais 

type of work. This subject is being pursued with other paper manufacturers 
in an effort to obtain the desired materials. 

Arrangements have been made to have gas analysis and thermal conductivity 
measurements aade by the General Engineering laboratory of the General Electric 
Ceaoany to determine what some of the Halting factors of the terratex and in- 
tegrated mica materials might be. The results of these tests should bo forth- 
coming in tho next Interval. 



Detailed Fantasl »»ta 

The following descriptions **—*4tf the seterlal* 
tigatod during the third Interval of this 

Lot 137-1 - TerrataK 1yp* smterial • 3.8* oley 
• 137-3 » • • 2J$ olay 
• 137-4-       • • •        -l.tfelsy 
• 137-5 -      • » •        - 4-5* el*y 
•   137* -      "          • •        . 6.3*   • 

(All sasplas 0,011*).013« In thleknsss) 

Lot 138-2 - Terratex tope •aterial - 9.1* olay 
"   138-3-      • 1 •        .4.8*   » 
H 

II 
138-4-      • • •        -U08   * 
138-5 • • ••        # 2.08   • 

(All savlaa 0.020-0.022* In thlekness) 

Lot 141 - Type i.i. Quinterra (no oley) - 0.012" thick 
Lot 142 -     •     •   ,        • •     •     - O.OW"     • 
Lot 143 - 01MS reinforced asbestos sheet (0.G02-0.0U") 
Lot 1A5A- Terratex tgfftt Material - 1.0* clay 

O.019-C.O21'' (Ifand sheets) 
Lot 145B- Terratex typo material 2.08 olay 

O.OELB-O.Q20* (Hand aheeta) 
Lot 2A   • Regular •aohine-sed 

aporaxiaately T& olay 

All of the above 
silicate using the 

Variations of 
variations 

of Lot 24 

(1) 

<2) 

m 

Baked 15 sin at 4O0C followed by 
cellnlose ~ 

silicate solution. 

with, ethyl 

ea follow   (All 
9 .-•;• 

in nitro- 

ln ethyl- 

;-Pi 
«• to 5500 for 3 aln., cooled 3 sin, and 
total time of 24 «in., followed by flooding 

vaouue with nitrocellulose lecquer solution. 

(4)   Sane as (3) above, flooded with ethyl-silieata 

Lot 121 - Silicons resin lenregnated terratex 
',<> (Uo ethyl-silloate treetawjt) 



Let litB - m BlawKfc tr»«Wd with «ttjjrWi3Lia*fc« (O.O06*) 

l(r th* TVitiprntft Ho* QtopBMMten 

*><2SH2B -   Sillaom r«*l» tr#tt#d 5nt«gmt*i «S« «spoli*£ 
Isy th# Xutogi'stipd mat. Gofporaticn 

*.' .» 
HTOC GU*a-ba*d«d lxdlt-ap »io* flake eupollad by ti* 
KieaFlaU   I~ &*U«d Bio. 

The ohyslcal t««t r»*ulta !** ibm wWritls as* taba3*t«d is ti» fallow 
Ing pafM. V 
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The preceding nhysical data indicate that the w^Us of H2SB2E and 
PC2S82B integrated alca bare ohysieel oropertiee suitable for ractnsi tube 
soaoers. Because the thickness of thaaa aeterlels %m uore uniform, they 
would he somewhat easier to handle In the normal aawrfa4Jtwrlni; operations, 

* • 
The data on the terratese saterlals with wsxious ©ereentages of clay 

seen to indicate that there la KM variation of strength with clay content. 
However, these ware baud ahaete mi do not neoewwarily indicate what we sight 
experience on machine-Bad* aaterial. In general, tile strength and stiffness 
increased with the oereentage of clay* ? 

No apparent advantages are evident for the no-olay asbestos neterlals 
and they apoear to have poorer punching characteristics. 

The effeot of firing the terretaw and giwing it a aaoond ethyl-silioate 
treatment seems to be deairahle from the atrangth standpoint, but nay be \ 
objectionable in tubas. 

em 
The JAR tost Units for the two tube types., for which data are nreaented 

aro as follows i V, 

-Ig - 0,1 an 
to->ttna 

5.5 8n « »» 

Type 9MJ (5694) tn^tsw 
All sanoles were nada froa lot * 

4509-6500 
Sa - 4000 unhos 

If *:5frjnv •  .. 

with the following 

Oroup 1 - Plain terrata* 
Qroop 2 - AI5O3 sprayed terretex 
Orenp 3 > faeunn fired nitrocellulose lsnouer-iswegnatsd. 

Group 4 - Me baked nitrocellulose laoquer-treated 

Oroup 5 - At* baked etl^-elli«irte«^rented tnrrateir 
Group $ - Control group - regular nice 

There wan an average of 12 tubes in eedh lot, but data for only 5 of each 
lot are presented to show the general results for eaof 



WBS-2 I '    MBtl 
rls 2s to ?«?s« =2t 2s    to lAfe sto   to     to 
0 7.4 4850 9780 0 5.0 2560 1070 0 4.4 2480 3360 

0.3 S.5 5520 3530 0 4.4 2450 490 0 6.65 4050 2090 
0 3.6 2380 1450 0 4.25 2470 1060 0 4*5 2930 1590 
0 6.7 4310 3040 0.05 5.25 2430 1050 0 6.8 4190 3120 
0 4.0 2330 1080 0 5*8 4060 2520 0 5*0 2960 1700 

is   S3     5,5 Sf Z2E   2s   to     s.ss,      ^ifcjto    &   5.5 s» 

0 1.8 720 300 0 7.3 4030 2110 0 6.5 3640 2560 
0 4.8 3130 1650 0 6.7 3370 1920 0.01 9.0 4800 3890 
0 3.5 1660 750 6 6.2 3940 2910 0 6.6 3490 2370 
0 5.8 2930 1400 0.2 9.6 4710 3270 0 6.5 3570 2340 
0 1.7 910 380 0 8.6 4380 2470 0 6.1 3560 2100 

All of the tubes, Including the control group, were unacceptable because of 
low transconduetance and reduced tran^eWduotanoe. Group 5 was very close to 
the control group for this swell test and sight prove to be almost identical on 
a larger test, to conclusions bare been drawn for the ooor results oft this group 
of tubes. Further tests will be necessary to determine the possible cause of 
these results. :;. ^ 

Tests were aade on tyoe 80-6C (12AT7) tubes whioh were processed on the bench 
exhaust oquipaent unless otherwise noted. 

VS&W&, 
following rs 
and °C2SH2D 

zl*   2s   to   UJto   I* Mto     to     2133    2M 
0     10.3 5090   WS    3» 1.9* 9.4 5330 4860 38 
0      8.3 5580   5080    301 0.9* 9.0 5200 4600 54 
0      0.4 5240   4490     100 1.5* 9.3 5030 4060 38 

0.02       9.7 5890   5450     100 ./     1.55*9.6 5270 4750 85 
6    10.2 5640   5360    302 -/,      1.70*9.8 5160 4400 65 

zis 2a to us* ii 
: 1.7*" 9.4 5010 3340 97 *r^- 

2.4» 9.7 5200 ±700 65 
2.15*9.5 5170 4680 55  * Indicates leakage as opposed 
2.00*9.3 5180 4700 90   togas. 
2.1* 9.7 5250 4780 86 

The results of this test show the high leakage characteristics of the two 
integrated mica materials. Also, somewhat reduced emission is apparent, parti- 
cularly with the T.SSH2B material. This may be due to greater thermal conduc- 
tivity of the material or to ft Partial poisoning of the oxide-coated cathode, 
fig. 1 shows the effect of heater voltage on the transconductanos of these tubes 

'/ 



and verifies the results shown here. Further tests will be necessary to 
determine which of the above mentioned factors is causing these results. 

In an attemot to minimise the lnterelement leakage, additional type 
SD-6CC tubes were made with M2SH2B spacers that were given a soecial degrees 
sing, air firing, and ElgO snray. 

RBSPUR MICA 
zii    IE  Sm 
0 
0 
0 
0 
0 

10.0 
9.0 
8.4 
9.8 
8.0 

5010 
4900 
4650 
4830 
4460 

M2SH2B INTEflRATBp MICA 
?!£      Io   Sm   llSm   is 

0 
0 
0 

0.02 
0 

9.3 
9.45 
8.2 
7.9 
12.2 

4660 
5120 
4240 
4U0 
4960 

4300 
4340 
3590 
3430 
4490 

60 
92 
29 
25 
65 

A complete analysis of 19 tubes in each lot (38 seotions) gave the follow- 
tnf • median values t 

Regular Mica 
M2SH2B 

^Ig  JB   Sm   115B 2a 

0  8.8 ^900  4400  90 
0  8.6  4800  4060  60 

It was encouraging to observe the marked reduction in interelenent leakage 
In these tubes, but the reduced emission characteristics are still a cause for 
concern. 

A third test was undertaken to determine the results of. these materials 
in tubes nroduced on automatic exhaust equipment. The soecial processing of 
the integrated mica enacors was spoiled to this test. 

trffl/M3 3I0A 
zlE     iB   Sm   llSm   Is 

K2SIBB DTTBGRATED MICA 
Z&      In       Sm       llSm       J§ 

0.02 
0.02 

0 

10.1 5260 
10.25 5240 
10.85 

0.01 10.8 
0 10.0 

5180 
5040 
5230 

4970 
4790 
4830 
4860 
5030 

100 
102 
87 
90 
95 

0.35 
0.30 
0.02 
0.08 
0.30 

10.0 5310 
11.2 5650 
9.1 4860 
8.7 4630 
9.35 4150 

5010 
5250 
4460 
4100 
7880 

77 
62 
50 
50 
30 

PC2S*?B BffiBRAjggJH^ 

0.30 
0.02 
0.10 
0.05 

11.2 5190 
10.1 5320 
9.9 5160 
10.5 5190 

0.12 10.45 5420 

4840 
4990 
4950 
4950 
5120 

65 
72 
75 
80 
80 

A complete analysis of approximately 20 tubes in each lot (40 sections) 
gave the following median values; 

/. 



IS       §3       life  If 
Regular "Jiea 0.05 10.0 5150 4850 95 
"i2SH2B 0.30 9.4 5000 4500 55 PC2SH2B 0.10 10.2 5150 4850 75 

Again the integratedmica aaterlala resulted la somewhat lover emission 
5HJ , r2 wlth **• PC2SHaB •*tsrial being sunerior to the H2SH2B. tore 
^•nxai information will haro to ho obtained before conclusions as to the 
of these results can be drawn. 

v 
^e^"/OT ^bostoo»baaed materials, i.e. terratex, were also conducted on 
SD-6C (12AT7) tube type with the following results* 

Group 1 - Regular mica, control group 
, 2 - Plain terratex 

, 3 - Vaeuun fired, ethyl-silloate impregnated terratex 

zlg 
GROUP 1 

Jr?   Sm USm  is 
1 

=M 
GROUP 2 

IS   Sm ma is 
0.01 
0.05 
0 
0 

0.05 

9.9 
9.7 
9.1 
9.0 
9.7 

5060 
4900 
4620 
4S20 
4970 

4720  90 
4360  80 
4220  85 
4400  95 
4750  75 

a*: ' *» ' 0.04 
J0.02 
\0.03 
0,04 
^.02 

10.5 
9.0 
9.1 
10.2 
9.7 

5570 
4980 
5110 
5150 
5300 

4340 
4630 
4540 
4820 
4930 

105 
90 
110 
105 
100 

zSB llgl \ 
Iff • 

0 
0.03 
0.01 

9.2 
10.0 
9.5 
9.3 
9.1 

5040 
5120 
5000 
5256 
5130 

4620 
4860 
4590 
4730 
4720 

90 
100 
85 
105 
100 

Sons improvements In gas content and ease of degassing were observed during 
the exhaust nrooesslng of tho Group 3 tubes over the Group 2 tubes. The Initial 
test data are encouraging, and life test Information will be •obtained, 

\ • * 

In an effort to decrease the moisture content and keep It low, two silicons 
water-proffing agents more used to treat the terratex. The aaterlala were "Dry 
Film1' and "Soda T9» both obtainable from the General Electric Gomoany's Chemical 
Department. 

No Improvement In ease of degassing the tube was apparent during the exhaust 
processing. Tests on tho tubes showed the Dry Film treated terratsx-spmeed 
tubes to have no emission. The Soda T treated-terratex-spaced tubes compared 

i with other terratex tubes and regular mica. Ho benefits were apparent from this 
added treatment. 

Because lot 138 terratex samples had been the best of the terratex materials 
with various Percentages of olay added to the asbestos, type SD6GF (12AT7) tubes 
were made to determine what differences in degassing and tabs, characteristics 
might be obtained with these variations. These tubes were identified as follows* 



Group 1 - Regular Mioe, uontrol Group 
2 - Terratex with 9.1* Clay 
3 - Terratex with 4.8* Clay 
4 * Terratex with 1.0J? day 
5 - Terratex with 2.0J* Clay 

l.c difference 1c ease of 
exhaust oroeeeeing of the terratex 
data were obtained: 

GROUP ± 

or gas content was discerned daring the 
The following electrical teat 

sis ID §» U£l ifi 
0.03 9.6 4760 4340 80 

0 9.6 4860 4620 65 
0 9.7 4750 4500 80 

0.25 9.1 4650 3070 80 
0 8.1 4310 

GROUP £ 

3800 65 

zM Is sm ns» is 
0 8.75 4500 4130 58 

0.05 9.2 4820 4310 62 
0 8,1 4070 3730 50 
0 8.8 4570 4210 62 
0 8.7 4760 4950 82 

-.* 

GROUP 2 

zli JB 2» i»lSm is 
0.25 9.8 4880 4440 75 
0.02 8.1 4S20 4020 65 

0 8.4 4670 4350 35 
0 7.6 4330 3880 50 
0 11.9 431D 

GROUP 4 

3980 72 

zIS r& 
Sn 22£§ JB 

0.10 8.3 4130 3600 30 
0.12 8.4 4560 4020 45 

0 ,7.5 4220 3830 49 
0.10 ^7.7 3910 3500 40 

0 8.2 4540 4110 50 

&0UPJ 
zlz    JB     SB I&L Ja 
0 7.4 4400 3950 25 
0 8.7 4630 4320 70 
0 8.42 4640 4310 68 
0 8.2 4450 3800 45 
0 9.2 4890 4480 80 

The results on this teat were somewhat erratic, and since the number of 
tubes was snail (less than 10 tubes/group), It is difficult to drew definite con- ' 
elusions. The data for all the tubes does indicate that poaalbly Oroup 5 was 
the host of the terratex materials. Bore teats with larger numbers of tubes 
will be needed to establish this conclusively. These tests will be made when 
larger sonnies of Sheet material are available. 

Type SD-6GC (12AT7) tubes were also made to comoare the N12HC plate with 
regular sheet mica. The data are not nresented because the tubes with the NH.1C 
material soacers had practically no emission, further Investigation of this 
material does not seen warranted at this tine. 

From the preceding data, several materials show nronise, and further testing 
of these will continue. The Initial test result a on the H28B2B and PC28R2B 
materials Indicate the need for more tests. Life tests on tubes using these 
materials should be made. Also, life test data will be taken on tubes using the 
vacuum fired, ethyl-silicate impregnated terratex since the tubes look satisfac- 
tory initially. Further tests on the variation of olay content In the terratex 
tyoe material will continue in an effort to obtain the best overall characteristics. 

/? 
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The two tyoes of integrated mica, FJ08ICB and PC28IEB, gave tabes that 
wero satisfactory initially but not at food as the regular alca ooatrol tribes. 
The need for for thorough rtsgroaslng and soraying the surfaoe to reduce leakage 
on these two materials is evident. The K2SH2B material anoears to give results 
rooro nesrly like sheet mioa than does the M28B2B. 

Additional tests on the SD-6G (12AT7) and other tyoes, oarticularly life 
tests, are necessary to deteraine liaitatlons of the integrated alca materials. 

Results on the NTOC Mica "late ware discouraging, and no advantages over 
the two integrated mica materials are evident. Ho additional teats seen warrant- 
ed at this time, ^ 

Sons improvement in ease of degassing and gas content has been aade on the 
terrctsot Material by a orooess of vacuum firing and a second ethyl-silicate 
impregnation. Further improvement is still desirable, . 

Variations in clay content of ttte terratex sheets affect the obyslcal 
oronortiss of this material and additional saables should be obtained. 

SfljflLjte fro EatftOM ftartflR Hgrt Jalaon* 

Additional evaluation of the two integrated mica materials with particular 
ewohasis on the thermal conductivity and gas analysis measurements. 

Continuation of the investigation of new nrocesslng of the .020" terratex 
in on effort to further increase ohysieal strength and ease of degassing. 

Analysaticn of the gases given off by the terratex under high vacua at 
elevated temperatures to learn what gases are ore sent, thus indicating what con- 
stituents night he eliminated. 

FValuatiom of machine made saaoles of terratex with varying slay content • 
for effects on snacer material. y 

Continuation of Investigation of new materials that indicate oromise as 
tube snaoers. 

/f 
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